In recently proposed multiple access techniques like IDMA and OFDM-IDMA, the user multiple access (IDMA) and OFDM-IDMA are the two multiple access (MA) schemes that make use of the iterative MUD efficiently, (Verdú, 1999) . In IDMA, interleavers are being employed as the only means of user separation while in CDMA the signature sequences were designed to be means of user separation as the spreader provides no coding gain (Verdú, 1999) . With even random interleavers, the IDMA system performs similarly and even better than a comparable CDMA system . IDMA
INTRODUCTION
By researchers, significant amount of research has been done in the field of wireless communication. The recently developed technique including iterative multi user detection (MUD) techniques for suppressing multiple access interference (MAI) (Liu, 2003; has also drawn their attention. Interleave division outperforms CDMA in terms of better immunity to multiple access interference (MAI) and higher user count. IDMA also inherits the advantages of CDMA such as asynchronous transmission, diversity against fading and cross cell interference mitigation at a reduced cost of complexity (Verdú, 1999) and high data rate. This chip by chip turbo type detection technique in IDMA also reduces the complexity of receiver multi use detector (MUD) as compared to that used in CDMA system Verdú, 1999) .
The efficiency of IDMA system is dependent on the generation of various pseudo random interleaving patterns for each user. The system performance seriously degrades when the interleaving patterns are not orthogonal to each other i.e., the collision among the interleaving patterns is not minimum. These interleavers disperse the coded sequences so that the adjacent chips are approximately uncorrelated, which facilitates the simple chip-by-chip detection. In case of interleavers in IDMA systems, the parameters such as ease of generation, hardware required, bandwidth consumption during transmission, and memory requirement at transmitter and receiver end, may be vital parameters for generation of orthogonal interleavers. The greater the size of interleaver the more it consumes the memory and extra bandwidth for transmission, this becomes a greater problem when the number of users increase. In , random interleaver has been utilized in IDMA systems, while in , an efficient technique for interleaver generation in IDMA has been proposed in.
This paper is organized as follows. The following section presents the importance of interleavers in digital communication. Studies of relevant literature are presented. The mechanism of interleaving process is highlighted. The importance of interleavers in IDMA systems is also discussed. The next section focuses on available various orthogonal interleavers for IDMA scheme. The IDMA systems model is then duly explained. The motivation for the work and mechanism of propose prime interleaver and the numerical results are presented.
INTERLEAVERS IN DIGITAL COMMUNICATION
In communication systems, most of the wellknown codes have been developed to combat against the noise that is assumed to be statistically independent. Typical channel model causing this type of noise would be Additive White Gaussian Noise channel (AWGN). However, there are some physical channels that show bursty error characteristics, such as multipath fading channel, in which fading often causes the signal to fall below the noise level and, thus, results in the burst type of error. Interleaving is frequently used in digital communication and storage systems to improve the performance of forward error correcting codes. Many communication channels are not memoryless: errors typically occur in bursts rather than independently. If the number of errors within a code word exceeds the error-correcting code's capability, it fails to recover the original code word. Interleaving ameliorates this problem by shuffling source symbols across several code words, thereby creating a more uniform distribution of errors.
Interleaving is a technique commonly used to overcome correlated channel noise such as burst error or fading (Rappaport, 2002; Tse, 2005; Olavarrieta, 2004) . In interleaving mechanism, the input data rearranges itself such that consecutive data are split among different blocks. At the receiver end, the interleaved data is arranged back into the original sequence by the de-interleaver. As a result of interleaving, correlated noise introduced in the transmission channel appears to be statistically independent at the receiver and thus allows better error correction.
The analysis of modern iterated codes, like turbo codes and low-density parity-check (LDPC) codes, typically assumes an independent distribution of errors (Andrews, 2007) . Systems using LDPC codes therefore typically employ additional interleaving across the symbols within a code word. For turbo codes, an interleaver is an integral component, and its
REVIEW OF LITERATURE
A conventional random waveform CDMA (RWCDMA) system (such as IS-95) involves separate coding and spreading operations. Theoretical analysis shows that the optimal multiple access channel (MAC) capacity is achievable only when the entire bandwidth expansion is devoted to coding. This suggests combining the coding and spreading operations using low-rate codes to maximize coding gain. But separation of users without spreading operation is not feasible in RWCDMA or in its variant MC-CDMA (Fazel, 2003) .
In CDMA scheme, user-specific PN sequences are used as the means of user separation (Vanhaverbeke, 2002) . As already stated, CDMA system suffers with lot many problems including MAI, unsuitability for high-speed burst-traffic, and poor orthogonality of PN codes etc. So, keeping in mind the future requirement of wireless communication (ITU, 2003) , it becomes mandatory to look for alternate solution for user separation. Now the question arises that what should be the strategy for distinguishing the different users. The possible solutions are narrow band coded-modulation scheme using trellis code structures (Brannstrom, 2002) and to employ chip-level interleavers (Tarable, 2001; Brück, 2000; Wang, 1999; Brannstrom, 2002) . Improvement in CDMA scheme by assigning different interleavers to various users (Wang, 1999; Ping, 2002) has already been reported. Therefore, the possible solution to the problem of user separation is to employ chip-level interleavers for user separation . This principle has been considered previously and its potential advantages have been demonstrated (Mahadevappa, 2002) showing the possibility of employing interleaving for user separation in coded systems. For wideband systems, the performance improvement by assigning different interleavers to various users in conventional CDMA has been demonstrated in Tarable (2001) . In Liu (2003) , study of chip interleaved CDMA scheme and maximal-ratiocombining (MRC) technique has been carried out for combating the problem of inter-symbolinterference (ISI) in multiple access channels (MACs). In the literature, the advantages of introducing chip-level interleavers have been demonstrated evidently. An interleaver-based multiple access scheme has also been reported in Ping et al. (2004) and for high spectral efficiency, improved error performance and low receiver complexity.
Interleave-division multiple-access (IDMA) scheme is a technique that relies on interleaving as only means for user separation . IDMA not only inherits many advantages from conventional CDMA, such as robustness against fading and mitigation of cross-cell interference, but also allows very simple chip-by-chip (CBC) iterative multiuser detection (MUD) strategy (Liu, 2003) while achieving impressive performance. In , an IDMA system using randomly and independently generated interleavers is presented. The IDMA system with random interleavers In Olavarrieta (2004 ), Milstein (1996 , and Lee (1991) , an overview of CDMA scheme is presented with all the fruits inside it. In [WangPing06] , authors have compared orthogonal and non-orthogonal multiple access schemes and have concluded that non-orthogonal multiple access schemes such as schemes using spread spectrum communication are superior to their counter-part.
As reported in literature, interleavers have also been employed in turbo codes (Mark, 1998; Hokfelt, 2001; Berrou, 1996) and in convolutional codes (Brück, 2000) . Various interleaving schemes have also been studied in the literature for CDMA systems (Tarable, 2001; Xiaoming, 2004; . However, in Mahadevappa (2002) , researchers have employed the interleavers for the purpose of user separation and demonstrated its superior performance over other similar schemes.
Criteria for a good interleaver design for IDMA include low memory requirement, easy generation, low correlation among interleavers, and low overhead for synchronization between user and base station (Dapeng, 2008) . The interleavers used in IDMA system, are bound to be orthogonal in nature (Pupeza, 2006) . The orthogonality of interleavers avoids the risk of collision of interleavers in the system (Brück, 2000) . Various other conditions for orthogonal user-specific interleavers have been discussed in Pupeza (2006) and Xu (2007) . Initially, userspecific random interleavers were employed in IDMA systems . Various others mechanism for generation of orthogonal interleavers have been reported in the literature (Zliisong, 2007; Hao, 2008; Luo, 2009; Kusume, 2006; Kusume, 2008; Dapeng, 2008; Mukherjee, 2009; Han, 2009; Shauang, 2009; Zhang, 2008; Zhang, 2007; Pupeza, 2006; Xu, 2007) .
If random interleavers are employed for the purpose of user separation, then lot of memory space will be required at the transmitter and receiver ends. Also, consideration amount of bandwidth will be consumed while transmission of all these interleavers. There are other parameters of interest in the interleavers including computational complexity at the receiver end.
According to Zhang (2007) , series of interleavers can be generated by circular shifting a specific pseudo noise (PN) interleaver, which is generated by a PN sequence generator. In Kusume (2008) and Kusume (2006) , multiple interleavers are generated by cyclically shifting and self-interleaving a common mother interleaver in a few steps.
The 2-dimensional interleaver proposed in Zhang (2008) by scrambling the row indices and column indices of a traditional block interleaving matrix, and obtaining a master interleaver. Various other user-specific interleavers, in the scheme, are generated by circular shifting master interleaver. Besides, it is claimed that the minimum distance between two adjacent bits resulted from 2-dimension interleavers is much larger than random interleaver.
Many more interleavers based on shifting mechanism have been reported in literature. In Hao (2008) , interleaver named as helical interleaver is reported which is based on helically shifting pattern. Also, in Han (2009), a user-specific interleaver design method based on matrix cyclic shifting is proposed. The interleaver proposed in Shauang (2009) displays as advantages of approach as low complexity induced from an algebraic solution and the parallel processing with negligible performance degradations against random interleavers. It is reported to be specially suitable for parallel implementation of multiple user detections and decoding of IDMA signals, resulting in efficient improvements of system throughput.
The progressive edge growth (PEG) algorithm proposed for LDPC codes is adapted to multi-user interleavers pattern design (Zliisong, 2007) . It is reported that the designed interleavers perform over random interleavers especially when the number of users is relative large.
In , an interleaver has been proposed which alleviates concerns of extra bandwidth consumption and memory requirement at transmitter and receiver ends. In this scheme, user-specific interleavers are generated with the help of master random interleaver (MRI) and user count at the transmission and receiver ends and during the transmission, only MRI and the user count need to be transmitted. However, this interleaver generation mechanism raises the problem of computational complexity occurring due to computation of user specific interleaver.
In Luo (2009), proposed interleaver needs only storage of small number of parameters related to linear congruences and the transmission of a small number of bits for synchronization. Users and base stations can derive the interleavers from the identification numbers for different users independently and simultaneously. A parallel permutation mechanism is also proposed for reducing the generation time of interleavers.
The interleaver generation mechanism described above solves the memory cost problem to store the interleaver pattern and reduces the amount of information exchange between the mobiles and the base stations to specify the interleaver. However, the problem of computational complexity at the receiver is still the matter of concern.
If the user specific interleavers are generated independently and randomly , the base station (BS) has to use a considerable amount of memory to store these interleavers, which may cause serious concern, when the numbers of users is large .
If the user specific interleavers are generated by power interleaver method which reduces the memory cost problem as discussed in , the computational complexity required to generate the interleaving sequence is high, when the number of users is large.
MECHANISM OF INTERLEAVING PROCESS
Thus far, a common practice related to statistical data analyses has been associated with over-emphasis on output data exclusively (i.e., verification tests). To the contrary, however, the key to ensure success for empirical studies lies in accurate input data analysis. That is, the procedures governing the sample data collected as to why and how they fit into the scope of the research, ensued by rigorous statistical analysis must be completed prior to making any immature and at times incomplete conclusions. Unfortunately, the majority of empirical research to date still relies on simple deliberations provided by automated software such as SAS and/or SPSS/GPSS without a clear illustration why such a sample was selected and how. This indispensable procedure in statistical analysis, often referred to as the 'Input Analysis' or 'Validation Tests' should be sought to increase the cogency of the research. In essence, whereas the verification test alone may be regarded as the necessary condition for a successful empirical study, it is the validation test which provides the sufficient condition, its integrity.
An interleaver is a device which rearranges the ordering of a data sequence by means of a deterministic bijective mapping. Let Let A = {0, 1 …N-1}. An interleaver can then be defined by the one-to-one index mapping function
where i and j are indices of an element of the original sequence c and the interleaved sequence x, respectively. The mapping function can be expressed as an ordered set called interleaving vector p :
The k th element of the permuted sequence X is
The inverse interleaver, i.e., the deinterleaver, restores the permuted sequence to its original order. Throughout the thesis, we use p and p -1 to denote the interleaving and deinterleaving vectors, respectively. With the proper deinterleaver, the permuted elements can be shifted back to their original positions:
.
Since the separation of users is achieved by user-specific interleavers, an obvious interleaver design criterion is that every two interleavers related to specific users out of a set of interleavers "collide" as little as possible. With increment in cross correlation amongst the interleavers, number of collisions will also increase and due to these collisions, the bit error rate (BER) of the system will increase accordingly.
INTERLEAVERS IN IDMA SCHEME
The interleaver design has an important role in the efficiency of IDMA system. It not only provides decorrelation between adjacent bit sequences as provided in the case of orthodox turbo coding and decoding, but also provides a means to uncorrelated various users (Pupeza, 2006) . The correlation between interleavers should measure how strongly signals from other users affect the decoding process of a specific user (Chung, 2007) . The better the interleaver decorrelation, the lesser the iterations are required for detection in IDMA multiuser detection (MUD) mechanism (Xu, 2007) . The decorrelation among the interleavers provides a mean to reduce the MAI from other users thus helping in the convergence of detection process.
A set of interleavers is considered to be practical if it satisfies two criteria: 1) It is easy to generate (i.e., the transmitter and receiver need not store or communicate many bits in order to agree upon an interleaver), and 2) no two interleavers in the set "collide". It may be shown that a properly defined correlation between interleavers can be used to formulate a collision criterion, where zero-correlation (i.e., orthogonality) implies no collision (Pupeza, 2006) .
In case of IDMA, the transmitter need to transmit the interleaver matrix consisting of interleaving pattern of the users to the receiver, so the greater the size of the interleaver, the more bandwidth and resources are used. Also, it is worth to be mentioned that greater the size of interleaver, more the orthogonality is achieved amongst interleaver . 
VARIOUS ORTHOGONAL INTERLEAVERS FOR IDMA SCHEME
The principle of traditional periodic interleaving scheme which is suitable to block codes can be expressed by interleaving the data of array I × n. Let the interleaving degree may be I for n bits. At the initial step, (I,n) linear block codes are arranged in rows in an array I × n. Now, we transmit the array column by column. At the receiver, the received data are rearranged in the same array column by column, then decoding it rank by rank.
In theory, the user-specific interleavers are generated independently and randomly , known as random interleavers (RI). In this case, the base station (BS) has to employ a considerable amount of memory to store these interleavers at transmitter and receiver side, which may cause serious concern in case of large user count. Also, during the initial link settingup phase, there should be messages passing between the BS and mobile stations (MSs) to inform each other about user specific interleavers. Extra bandwidth resource will be consumed for this purpose if the interleavers used by the BS and MSs are long and randomly generated. In , master random interleaver or power interleaver generation method is presented to alleviate this concern. With this method, the interleaver assignment scheme is simplified and memory cost is greatly reduced without sacrificing performance, but the complexity for regeneration of interleavers and deinterleavers at the receiver side is major concern in case of higher user count (Shukla, 2008) provided that enough memory space is not used to store all required interleavers.
Researchers has proposed various other interleavers in (Pupeza, 2006; Bie, 2007; Zhang, 2007; Zhang, 2008; Dapeng, 2008; Kusume, 2008; Li, 2009; Shukla, 2008; Luo, 2009) . PEG interleaver generation mechanisms (Bie, 2007) explain the selection of suitable orthogonal interleavers out of pre-generated random interleavers while other mechanisms including (Bie, 2007; Zhang, 2007; Zhang, 2008; Dapeng, 2008; Kusume, 2008; Li, 2009; Shukla, 2008; Luo, 2009 ) explain the independent generation of orthogonal interleavers which are losing their orthogonality in case of higher user count. In Shukla et al. (2008) , tree base interleaver (TBI) generation scheme is presented which employs two master interleavers, which are randomly selected. User specific interleaver is designed using a combination of both master interleavers. The scheme is optimum in terms of bandwidth requirement and BER (Shukla, M., 2008) ; however, still there is space for development of other efficient interleavers for IDMA scheme.
Here, in this paper, a new interleaver is proposed based on prime number which gives a novel user-specific interleaver generation mechanism with lesser time to get it generated and along with minimal consumption of bandwidth required during transmission well similar performance in terms of BER to that of random interleaver.
IDMA MECHANISM
IDMA does not involve signature sequences, which greatly simplifies the problem of computational complexity in the receiver. The major difference between IDMA and CDMA is regarding chip-level interleaving and bit level interleaving respectively. It can be analyzed that the performance advantage of IDMA increases with the number of users when compared to CDMA (Liu, 2003; .
In multipath channels, adjacent chips from each user interferes each other. In CDMA, the bits are spreaded and then passed with the same interleaver and transmitted consecutively, so the corresponding log-likelihood ratios (LLRs) are heavily correlated. In IDMA, however chip level interleaving is performed. After random chip level interleaving, the replicas are dispersed more randomly, so the corresponding LLRs become less correlated.
In order to minimize the forward error correction (FEC) code rate IDMA transmitter is employed. The key principle of IDMA is that the interleavers {Пk} should be user-specific i.e., the cross correlation between specific interleavers must me minimum (Pupeza, 2006) . It is assumed that the interleavers are generated independently and randomly. These interleavers disperse the coded sequences so that the adjacent chips are approximately uncorrelated, which facilitates the simple chip-by-chip detection scheme. Figure 2 presents the transmitter and receiver structure of the multiple access scheme under consideration with K simultaneous users. The input data sequence dk of user-k is encoded based on a low-rate code C, generating a coded sequence c k [c k (1), . .
., c k (j), . . ., c k (J)], where J the frame length. The elements in ck are referred to as coded bits. The coded bits are further spreaded over entire bandwidth with the help of spreader. The spreader may be counted to be common or user specific. In this case, we have considered the spreader to common to all the users. Then ck is permutated by an interleaver k, producing
Following the CDMA convention, we call the elements in x k "chips". Users are solely distinguished by their interleavers; hence the name interleavedivision multiple-access (IDMA).The chip interleavers allow adopting a chip -by-chip estimation technique .
At the receiver side, the outputs of the elementary signal estimator`s (ESE) and DE-COD-DESPREEADERs are extrinsic loglikelihood ratios (LLRs) about {x k }defined as ,
These LLRs are further distinguished by the subscripts i.e., e x j SEB k
) , depending upon whether they are generated by ESE and DECOD-DESPREEADERs.
Due to the use random interleavers {Π k }, the ESE operation can be carried out in a chip-by-chip manner, with only one sample r (j) used at a time. The received signal at the receiver is given as
where is the distortion in r(j) with respect to user-k. The output of ESE and DECOD-DESPREEADERs block is given as ,
( ) ( (
where j S = 1,...,
MOTIVATION
CDMA offers an even better bandwidthefficiency than TDMA and FDMA, and has been widely adopted in the 3G mobile cellular systems, such as CDMA2000, WCDMA, TD-SCDMA, etc.. Transmissions of various terminals can proceed in both time and frequency domain. Its successful operation is based on complex power-control, multiuser detection, etc., and thus it is costly to implement if compared to FDMA and TDMA. However, it offers a very robust performance due to its unique processing gain.
If we put our attention on background of its development, it was basically developed for voice-centric applications. At the receiver side, it needs long frames for signal detection. Therefore, it suits for slow-speed continuoustime transmission and does not fit high-speed burst-traffic. In addition to it, it inherits poor orthogonality of spreading codes and only periodic correlation functions are considered in code design process. So, there are bad aperiodic correlations amongst spreading codes. Apart from it, only unitary codes have been used in CDMA, i.e., Gold, Walsh, Kasami, etc. It also has low spreading efficiency (SE) in direct-sequence (DS) spreading. Here, spreading efficiency is defined as bits deliverable per chip therefore, a big room left to improve SE, which is equal to bandwidth efficiency.
CDMA mechanism is unsuitable to support QoS sensitive multimedia traffic. It is extremely difficult to adjust data rate on-a-fly and even the data rate change always comes with change in processing gain (Andrews, 2005) , which further compels to adjust transmitter power and ultimately rate change in ONE user affects cellwise code-assignment plan (e.g., OVSF code used in WCDMA) (Liberti, 2099) .
If we look into its implementation complexity, we find the requirement of very precise power control to overcome near-far effect, multi-user detection to decorrelate user signals, RAKE for multipath signal separation & detection, and sectorized antennas to reduce co-channel interference .
The performance of CDMA is Interferencelimited and is very sensitive to multiple access interference (MAI). RAKE receiver may not work well to deal with multipath interference (MI) and capacity is far less than the processing gain (PG).
All of the above stated problems come from the same root i.e., inefficient "Unitary codes" i.e., one-code-per-user basis. All current CDMA systems use "unitary codes".
In interleaver-division multiple-access (IDMA), most of above stated problems do not exist. With IDMA scheme, user separation is achieved with the help of user-specific interleavers which is having low cross-correlation amongst them . The condition of orthogonality is maintained for removing of the risk of collision (Pupeza, 2006) . Due to use of user-specific interleaver in IDMA scheme, the problems related to unitary codes do not exist.
In IDMA scheme, random interleavers are employed as the means of user separation resulting in user dependent memory requirement of user specific interleavers at transmitter and receiver ends. In fact, orthogonal interleavers are the heart of the IDMA systems. In , power interleavers were introduced which solves the problem of memory requirement but increases computational complexity during estimation of interleavers and deinterleavers at the receiver end. This interleaver is also known as master random interleaver. Many more interleavers are reported in literature but most of them are based on methodology of selection of userspecific interleavers amongst available random interleavers.
In this paper, our work is based on design and performance evaluation of proposed optimum interleaver which not only solves the problem of computational complexity but also reduces memory requirements at transmitter and receiver ends optimally.
MECHANISM OF PRIME INTERLEAVER
In IDMA, different users are assigned different interleavers which are weakly correlated. The computational complexity and memory requirement should be small for generation of interleavers. The Prime Interleaver is basically aimed to minimize the bandwidth and memory requirement that occur in other available interleavers with BER performance comparable to random interleaver.
In generation of prime interleaver we have used the prime numbers as seed of interleaver. Here, user-specific seeds are assigned to different users.
For understanding the mechanism of prime interleaver, let us consider a case of interleaving n bits with seed p. First, we consider a gallois field GF (n). Now, the bits are interleaved with a distance of seed over GF (n). In case, if {1, 2, 3, 5, 6, 7, 8… n} are consecutive bits to be interleaved with seed p then location of bits after interleaving will be as follows:
For Example if we have to interleave 8 bits such that {1, 2, 3, 4, 5, 6, 7, 8} and we wish to interleave these bits with seed 3 then the new location of bit will be as follows 1===> 1 2===> (1+1*3) mod 3===>4 3===> (1+2*3) mod 3===>7 4===> (1+3*3) mod 3===>2 5===> (1+4*3) mod 3===>5 6===> (1+5*3) mod 3===>8 7===> (1+6*3) mod 3===>3 8===> (1+7*3) mod 3===>6 Now, the new order of bits will be {1, 4, 7, 2, 5, 8, 3, and 6}.
The bandwidth required by the Prime Interleaver (PI) is smaller than other available interleavers as now only seed is to be transmitted, in addition to very small amount of memory required at the transmitter and receiver side as shown in Table 1 . The similar demonstration is displayed in the simulation of prime interleaver in Figure 3 . For the simulation purpose, the datalength is opted to be 512 bits while 16. The iteration at the receiver is chosen to be 15. The simulation has been performed for 100 users.
The prime interleaving scheme reduces the computational complexity that occurs in master random interleaving scheme; however, it is higher to that of tree based interleaving scheme due computation involved for calculation of user specific interleavers. 
NUMERICAL RESULTS
For simplicity, IDMA system with BPSK signaling in AWGN channel for h k =1, " k is assumed. Without loss of generality, a uniform repetition coding C REP {+1, -1, +1, -1, ---------} is used with spread length sl =16, for all users. In Figure 4 , uncoded IDMA cases are considered, i.e., without any forward error correction (C FEC ) coding while data length is taken to be 512. In Figure 5 , Memory-2 Rate-1/2 Convolutional code is used. The iteration at the receiver side is chosen to be 15 in each case.
From these figures, it is evident that the BER performances of IDMA scheme are similar for random and prime interleavers. But from Figure 2 , it is clear that, on the front of bandwidth consumption, the prime interleaver is outperforming the other interleavers because only the user specific prime numbers have to be sent along with data format during transmission.
At the transmitter side, as in Figure 2 , for BPSK signaling scheme, with random interleaver is used during simulation for different number of users i.e. 4, 8, 16, 24, 32, 48, 64 without any coding scheme with spreader length 16 If we compare this performance with CDMA under same conditions, results are better with IDMA scheme as number of users is increased . In Figure 5 , the coded IDMA for 16 users have been presented along with results in uncoded as well coded IDMA environment. The result shows similar BER performances of prime interleavers to random interleavers in coded as well uncoded IDMA environments.
CONCLUSION
The proposed 'Prime Interleaver' is quite easy to generate and is outperforming the random or any other interleavers in terms of bandwidth consumption problems. The Prime interleaver is better than master random interleaver in terms of computational complexity. With tree based interleaver, the proposed interleaver seems to be having little bit more complexity. However entertaining the other issues including BER, memory and bandwidth requirements, the proposed interleavers can take the place of the random or any other interleaver techniques without performance loss.
